Previous studies have shown that "clear" speech, where the speaker intentionally tries to enunciate, has better intelligibility than "conversational" speech, which is produced in regular conversation. However, conversational and clear speech vary along a number of acoustic dimensions and it is unclear what aspects of clear speech lead to better intelligibility. Previously, Kain et al. [J. Acoust. Soc. Am. 124 (4), 2308-2319 (2008)] showed that a combination of shortterm spectra and duration was responsible for the improved intelligibility of one speaker. This study investigates subsets of specific features of short-term spectra including temporal aspects. Similar to Kain's study, hybrid stimuli were synthesized with a combination of features from clear speech and complementary features from conversational speech to determine which acoustic features cause the improved intelligibility of clear speech. Our results indicate that, although steady-state formant values of tense vowels contributed to the intelligibility of clear speech, neither the steady-state portion nor the formant transition was sufficient to yield comparable intelligibility to that of clear speech. In contrast, when the entire formant contour of conversational speech including the phoneme duration was replaced by that of clear speech, intelligibility was comparable to that of clear speech. It indicated that the combination of formant contour and duration information was relevant to the improved intelligibility of clear speech. The study provides a better understanding of the relevance of different aspects of formant contours to the improved intelligibility of clear speech.
Finally, it may be sufficient to have formant frequencies from clear speech 25 at the middle point of the vowel but not the formant transition of clear speech.
26
Previous studies showed that the vowel space representing F1 and F2 values 27 was expanded along both dimensions in the clear speaking style [13, 5] , and 
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Speech materials containing conversational and clear speech were recorded 8 for this study, using a previously developed word list [12] . This list contains 9 /wV l/ words designed to achieve (1) large consonant-vowel formant transitions,
10
(2) the same degree of stress on the test word, and (3) systematic change of the 11 vowel duration. The four front vowels (/i/, /I/, /E/ and /ei/) surrounded by 12 the consonants /w/ and /l/ were recorded.
13
Four words (wheel, will, well, and whale) in a carrier sentence were repeated in the first and second recording sessions, respectively, using the speaker's own 28 distinction between conversational and clear speech production.
29
The average speaking rates in words per minute (wpm), measured excluding 1 pause durations, were 366 wpm and 179 wpm for conversational (cnv) and clear 2 (clr) speech, respectively. The results of the t-test showed the speaking rate 3 was significantly different between conversational and clear speech (p < 0.001). 
14
The hybridization algorithm began with the analysis of acoustic features.
15
First, all test words were annotated and segmented automatically using forced 
9
In designing the weighting function, the ratio was calculated between clear First, the speech waveform was analyzed with a pitch-synchronous frame 7 that spans two pitch periods with a one pitch period overlap. The speech signal
was the residual signal, and V (z) was a formant filter. V (z) was modeled with 10 complex pole pairs represented as
where f k was the k-th formant frequency, b k was its bandwidth, and F s was the 12 sampling frequency.
13
The spectral envelope at one frame was then removed by applying an in-14 verse filter of the formant filter, which was designed with formant frequencies The hybrid formant contours (hyb-c, hyb-mt, and hyb-m) were used to to the the first half of the next frame. words, without the carrier sentence, were presented to the subjects. 
17
The effects of condition (clr, hyb-c, hyb-mt, hyb-m, and cnv) and vowel
18
(2 vowels) were tested using a two-way repeated measures analysis of variance clr and hyb-c were better than hyb-mt and hyb-m (p < 0.0001). The intelligibility of hyb-mt and hyb-m were not statistically different for The results showed that for the tense vowel, modifying formant frequencies to improve intelligibility, but not to that of the clear speech.
30
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The perceptual results were consistent with the acoustic changes between 8 conversational and clear speech (See Table 2 and Figure 4 ). For tense vowels 9 where clear speech was more intelligible than conversational speech, the acoustic 10 differences of F2 steady-states and vowel durations were larger than lax vowels.
11
The amount of acoustic change found in lax vowels might not have been sufficient 12 enough to improve the intelligibility of clear speech over that of conversational 13 speech.
14
The result showed that when the entire formant contour of conversational The results suggest that the residual signal (glottal source and higher for- 
